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Studios on Quostionc of Deei(',n and Construction of 

Chain Scruiwr Conveyors 
Hubert Gucler, Auehun^ 

Tho ccoiio.T.ic success of modern hiRh-performancu mining operations presumes /lui>^ 
a knowledgeable planning of the machines and oquiijment used. Particular care 
should be used in tho design of the brace conveyors. It turns out that previous 
methods of calculation of conveyor size, drive power and chain streneth are 
unreliable. In most cases these technical data are determined by rough calcula- 
tion or empirically. Incorrect decisions can therefore hardly be avoided. 

It is tho objective of the present studios to clarify the conveyance process 
in chain scraper conveyors and to determine tho resistance forces and characteristics 

“i2 

of th'^ conveyor. Previous measurements on chain scraper conveyors Ll.2<3J do 
Give information about tho forces in the studied conveyors, but a Generalization 
of the results and transfer of specific values to other operatinG cases is not 
possible since important parameters have been icnored or must be estimated. 

Principles for Planninc Chain Scraper Conveyors 

The planninG sequence of a chain scraper conveyor is divided into three 
primary stops: 

1. Conveyor size and chain speed 

2. Drive power and drive mechanism 

3. Chain dimensioninc and prestress. 

First the conveyor size and chain speed are fixed accordinG to the quantity 

of conveyed Goods and the potential fill cross-sections by using the continuity 

^hxcerot from the dissertation "Studies on tho Conveyance Process, Coefficients of 
resistance and characteristics of chain scraper conveyors under Ccivsidoration of 
employment Conditions in Bituminous Coal MininQ. Tech. Univ. Aachen 190S. Ed.: 

Dr. Bernhard Sann, Co-ed.: .;r. Heinrich Koch. 

^Tho numbers in brackets I'efer to the literature section at the end of the paper. 
^Numbers in margins indicate pagination in origii\al foreign text. 
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oqu.icion. TIh! calculation acquoneo pi’ovidGSi tite quaiititica neeikal for the 

aecond and third plasinir-c stepa. Chain and power calculation are intordependant 
since the average static chain load is used as the drive force and the drive 
mechansim--iuud drive only, head and tail drive or tail drive only -has an 
iiViportant on chain stresses, Thu unusual chain stresses like blocking 

of who conveyor, shock stresses of the chain due to the polygon effect of the 
chain drive and duo to dry friction in the troughs are taken into account by 
safety margins in the static base loads, In the calculation equations we are 
dealing with physical laws whose application is problemmatic owing to the 
uncertain coefficients and efficiencies. Under the lA’esumption of proper dis- 
tribution of drive forces, the drive powers for the primary drive are; 

Hj, 

and for the auxiliary drive; y... „ . (2j 

The curviness of the conveyor in the plane ot conveyance and perpendicular 
to this plane can be caused by bonding of the troughs and by unevenness of the 
floor of the seam. Conveyor curves cause a greater power demand which is considered 
in equations 1 and 2 by the factor V . The extent to which the force and power 
margins can be calculated by the lax»'S of clinging friction [[5] will have to be 
deterndnud by experiment. All other coefficients of the equations will also 
have to be determined by laboratory and operating tests. Specific studies of 
the invlividual quantities are more advantageous than the method of povfcr .measure- 
ments Li*2j. Individual studies permit the elimination of interf erring quantities 
and ensure a greater reliability regarding operation and construction of the 
conveyor since the most different parameters can act in a defined manner. 

If we ignore the drives, then for the actual conveyor we need to determine 
the coefficient of resistance of the upper and lower end-piece, the curve factors 
"■^The symbols used are explained at the end of the report. 


2 


ana Uuj chain lirivo losses by measurumuncs • The chain drive studies should 
be perform^*’, on a suitable test stand in the laboratory. The test stand should 
IX'rmit simulation of forces occurring in conveyor operation according to their 


/Vj 


mapnltude and effect on the chain gears, The coefficients of r'osistance of 
the lower end-piece shall be measured on conveyors in underground pit mining, 

The low construction height of the conveyors and the ojoen lowo * end-piece 
cause resistances- -particularly on movable brace conveyors— which cannot be 
simulated accurately in the tost field. Determination of curve factors shoule 
be dene in the tost field. Laboratory tests offer the advantage over operational 
tests that the geometric shape of the conveyor curves and their distance to 
the drive mechanism and the conveyor stresses can be more easily and accurately 
generated and measured. The coefficient of resistance and the characteristics 
of the conveyor or ’upper end-piece shall bo determined by. large-scale tests over 
several days. W. Ostermann fs"] names one of the greatest difficulties in 
conveyor measurements in underground pit mining as the detection of conveyor 
load, In the test field this is less problommatic since the conveyed goods can 
be weighed. Measurements of the coefficient of resistance as a function of the 
characteristic quantities of the crushe.d goods is hardly possible in underground 
pit mining, 

Test Stand for 1 etormination of Coefficient of Resistance and Characteristics 
of the Conveyor End-piece 

The coefficient of resistance can be determined in normally operating con- 
veyors with endless chain by two measurement methods. In one method the 
conveyor is equipped with bead and tail drive. The chain gear input torques are 
measured at both drives. To calculate the end-piece resistance the chain drive 
losses must be known. The method has the following disadvantages: 


1. Hif,h cotit and lave.o spaco rcquiroir.ent for a circular conveyance 

2. The load cannot be kept constant over the entire conveyor length for a 
uniform load on the cost conveyor 

3. The particular load weight on the conveyor can be roughly determined during 
the test 

A, The chain prestress is unknown 

5 The chain gear losses must be kno^m for the particular load range. 

iVnothor method is direct measurement of the forces in the circulating chain. 
Measurement of chain forces in the upper end-piece and lower end-piece is quite 
difficult and requires a wireless transfer of measured values in addition to 
special transducers. The disadvantages numbered 1-3 above also occur here. 

The problem thus arose of developing a test stand which did not have the 
disadvantages and difficulties mentioned above. Besides the coefficients of 
resistance for a certain speed, the characteristic profile of the conveyor end- 
piece would have to bo picked up by the test stand. In the analysis of the con- 
veyor process there is one method which meets all requirements and does not 
have the disadvantages outlined above. If we consider a section of the conveyor 
flow at any point of the upper end-piece then it is of no importance to forward 
motion of the goods and the occurring resistances how the needed drive force 
is fed to the chain. The drive of the endless circulating chain by chain-wheels 
at the conveyor ends is needed to maintain a constant conveyance. For tost 
purposes wo can ignore the circulating tension medium. A continuous chain of 
defined length loaded with goods can be drawn through the trough loop. 

The test conveyor was AO m long (fig. l).and consisted of conveyor troughs 
FFI of Eisenhuette Morks Uestfalia, Altluenen. A double-chain bolt with an 
effective elength 1^^ provided with scrapers at 1 m separation could be pulled 
through the measurement range I^j. The conveyor was equipped with 500 mm tall, 
perpendicular sheet-metal pieces on both sides. Limitation cf the load section 
Ijj occurred through valves which are supported against the neighboring tang- 
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Figure 1. Schematic representation of the Test Stand 

Key; 1-section A-B a-conveyor troughs j b-conveyor chain; c-scrapsr d-sheet-metal 

pieces; e-limit valves; f-suspension cable; g-pump; h-winch; i-retom.ion winch 
K-tensile force/speed transducer; 1-diversion and measurement roller; m-meas- 
uremont cable; n-drag cable load; 0-foed rollers; UP-homopolargcnerator ; 
M-tensile force transducer; .Ph-photoeloctric transmitter; LS-perforated disc 
Z-digital HPM unit; V-distribution; TM-carrier frequency measurement amplifier 
I/V-digital voltmeter; AR-ahalog computer; E-Xiy-printer; ZK-x, y^, y 2 -printer 
v-analog speed voltage; p-analog tensile force voltage c^-voltage analog to 
coefficient of resistance. 


The test chain loaded with conveyance goods was drawn through the measurement 
range by a suspension cable by a continuously-ad.justable winch. The chain force 
and speed were measured, The tests were reproducable. A rearward located 
winch moved chain and test goods back to the initial position. To record the 
characteristic lines during acceleration of the test chain from zero speed to 
terminal speed a tensile-force/spced transduce and an analog computer were 
developed and used. 

^V- • ^ 

• f,. ^ : ■* ^ 

iU:-. _ 

Test Results 
The Test Project 

The coefficients of resistance in the chain scraper conveyors are generally 
unknown. In general we calculate for upper and lower end-piece with a friction 
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coefficient of 0.35 [4, O’], Indications on the dependance of the coefficients 
of friction on the iwoportles of the conveyed goods like moisture content, lumpl- 
r.e;*s etc. arc given by A.O, Sptwakowskl without details. He recommends 
calculation with O.A to 0.8 for coal. W> Ostermann [3j and (v. Slegl C^J 
report on the influence of moisture on the end-piece resistance. 

.According to results of extensive preliminary tests and under consideration 
of the physical properties of coarse coals in German coal mining £93 *^he follow- 
ing test parameters were found*. Quality of granular structure, moisture, density 
and mine content of tailings. Other parameters considered were: conveyor idle, 
size of conveyor load, do:m times of loaded conveyor and conveyor construction 
type. More accurate information on the conveyance process is only possible 
if the actual friction between goods and trough is known. The effective 
friction in the conveyor was measured in special tost apparatus. 

The resistances in chain scraper conveyors are composed of sliding fric- 
tion coefficients at the trough. base and at the side borders and of additional 
resistances caused by circulation and grinding of the goods. Pure sliding friction 
is present fer conveyor idle and when the goods are moved foreward without relative 
motions and without grinding. For the coefficient of resistance we can 
write in generalized form: 

c„ + kj + •••••'* ■•• * £3 J 

In the equation JA is the sliding friction coefficient of the chain and the 

load in the trough loop. It is designated as a mixed frictional coefficient 
since is contains the friction value between chain and trough and the 

friction value between goods and trough. The value k^ is a factor containing 
the sum of additional resistances; k 2 should contain the wall friction coefficients 
which will be discussed below. 

Friction Characteristics of Conveyor Idle 

The resistances of the idle conveyor end-piece depend greatly on the trough 


6 



condition and can incrooso by about X00% over smooth troughs due to impurities 
In the conveyor from dirt. The Idle characteristic field of the chain conveyor 
can be divided into throe regions (fig. 2). In region *a* the idle resistances 
of new conveyors move with greatly oxydtzcd troughs and chains. Ukewlse, in 
this region chain conveyors in quarry operations arc classified, but with 
even greater resistances for idle operation. The characteristic band of region 
b results for idle tests after test stand shut down from 5 to 10 days .. We should 
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Fig. 2 Idle Characteristics of the Conveyor End-Piece 

Key l-coefflclent of resistance in kp/Kp; a-new conveyor, troughs greatly 

oxydlred b-troughs weakly oxydized after longer shut down c-smooth troughs 
after many tests 2 -conveyance rate in m/s 


mention here that the trough oxidation can be generally prevented by warm *air 


heating in the test shed. In underground pit mining greater oxidation layers 


can form on the conveyor due to shut-down times at weekends, depending on ] 


pit climate . For normal operation of a brace conveyor the idle characteristics 
of region c are important. The conveyor end -piece is run in this state through 


a longer operation of "blank-steel” and "rough wear." 
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The avoraro value characcuristic of rsBion c aevlates by about from 
the limit Values* Errors of +102 occur for a joint avcnr,o value char- 

actorisclc for rations b anJ c. K. Ehrlcnsplal ClOJ and F Gartner [llj 
consider test dispersions of j*;10?il unavoidable for experiments with solids friction 
(these authors are studyinc questions of smooth friction recently), in the 
studios care was taken that the Idle or start characteristics of 

more important comparison test series lay within the narrow stray region c of 
the normal conveyance operation. 

The bopendance of the Coefficient of Uosistance on Granular Structure of the Goods 
The influence of granular structure on the size of the coefficient of 
friction Was explained firdt in order to determine to what extent this factor 
had to be taken into account in the other tests. The goods in coal mining 
have a broad granular fluctuation with sizes < 0.5mm up to pieces of several 
decimeters edge length, The granular shape varies widely and fluctuates between 
the shape of a sphere and a polyhedron, For the tests corrimercially available 
nut coal and fine coal proved suitable* In order to exclude other influences 
care was taken to use the same water conent and density in the individual 
test goods , The characteristic line for coarse coal Is compared with the resis*- 
tance characteristics of nut coal and fine coal (fig. 3). The coefficients of 
resistance for nut coal lie on the avarage about 351' above the resistance figures 
for fine and crude coal. The reason for this is found In the conveyance 
process^ in the type of force transfer from circulating tension-means to the 
conveyed goods^ and In the granular structure of the goous . The shear effect of 
the scraper maintains the conveyor movement. Within the scraper area a 
basis forms which can also bo called the conveyed goods mat. Goods extending above 
the basis is moved forward by friction contact. In the basis^ pressure stresses 
are acting— these are illustrated in ideal form in fig. 4. A body of goods with 
sphere' like granules behaves more unstable under the action of the shear forces 
than a body with cube, plate and jagged-shaped granules. The first goods have « 


lowot* intcvr..il ;vicclon Uun cue ItiUi'ri Tho atfocc of ctie ptes*utfa vutios in 
loch cyiws 01 nooUtf ivnU la vionotcu aa foUowai The sphorlcal-llko nut coal 
u.u.tlly r.\isv-a j’jointwiae. Thus across {«aHs can bullu m In the zone of larccr 
I>.‘cafcU'e stvQsms near the scraper. Torsional anU pltehiar!. r.CKiCJ»i.s cnn fortn 
wldeh inuuce position chanr.os for Indlviaual r.tanules within cho body 

ana crush upwatn. parts of the coods frorr. the basis. Constant roll and lift 
Rovcinontts in the Rooas should bo watched. These motions cause the lareer reslstanca 
forces in cojir.cctlon with a coods crushlnc. In the fine goods however, a uniforn 
pressure aistribution is assuRed. The fine gooes behave like a uniform flow. 
Pclativo goods motions seldom occur in the body of goods. The coefficients 
of resistancG of the crude coal exceed those of fine cool only slightly. This 
might be attributable to a uniform pressure distribution within the basis. The 
gap volume of the goods Is low owing co a large fraction of fine goods j larger 
goods blocks lie omboUded in the fine goods, Here we find conditions similar to 
fine coal conveyance. In general it was found that the coefficients of resis- 
tance of crushed goods with spherlcal-llko granules and narrow range of 
granular sizes are greater chan for fine goods with a broad granular range and 

high perCGntagc of fine grains. 

§ 



0 0.4 g ,0 1.6 ^.0 

o NuOkohItt Onf KornWciiii i‘*t 33 
b NwCkobJ* dar KomMans* t 10 Mm 
C Koffnilassa < 

4 FfirdofkoMa 4&r < vuj mm 

Figure 3 . Coefficient of Kesistance as a Function of Conveyance katc for 

l^ix ivy Goods having different Granular Structure 

Key: 1 rate of conveyance in m/s 2-coofficiont of t'osistanco i,n Up/kpj a-nut coal 
gran, size 50-35.mm b-30 to lOnuti c-fino coal size <10mm d- crude coal <100 mm 0 
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Fljj. 4 The behavior of cooOs on the chain scraper conveyor as a function of 
Rtanui ar structure . 

TOP! GoouH^'Bubie to spherical grains, narror range (nut coal S0-35.T.tn} 30-10.'M5) 
Center! Goods fine grain (fine coal ^lOsun) pressure distribution in 

the goods (pulverised) within the basis let < 

liotto.Vij Goods of broad granular range, coarse grains embedded in fine grains 

(Conveyed coal <100 mm) 

Key. l~Movomcnt of conveyed goods 
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The Dcpendance of the Coefficient of Uosistance on Kator Content of Convoyed Goods 
It was found that fine coal on the chain scraper conveyor behaves like a 
uniform flow. Additional resistances due to relative goods motions and crushing 
are generally retarded. The fine coal thus appeared suitable for stuoios on 
the influence of the water content on the coefficient of resistance. Figure 
5 shows the tost results. At a water content of 3.9 % by weight the character- 
istic line has the profile decreasing with the conveyance speed. The 
line for S.9% by weight water is somewhat deeper but runs parallel to the initial 
line. If the water content exceeds the limit of about 9 to lOX by weight, 
then the lines rise above the speed. In the range of lower speeds the 

coefficient of resistance decreases with increasing water content. 


For the 


vflocicy rcXatxvo jnux. vcuiutanca valm* is founa at a water content 

Oi lA to Uf’. by KelK^iUf this is shii'tcu in the ulrectior of f.roator water content 
at siv..‘‘!s creator than 2 n/s. Tlio increase in charueteristie linos above the 
conveyance spoe*; at water contants MO" sliows that the effect of solleJs friction 
rececas in favor of flow friction; this effect is ct*<*ater the higher the water 
content. This is attributable to the tyi^e of water bontlinc in CO®<5s 
ana to the known processes when passing from solids friction over mixec friction 
to the resioK of Pure flow-friction. 

The bonuing of the water in the goods occurs by capillary action and surface 
forces. The initially low water quantities are initially absorbed by the finest 
particles , Granular collections adherins; together duo to the capillary water Is 
surrounded by a water film which comes into being through adsorbtive and adhesive 
effects. Larger granules have no surface water if water content is insufficient. 
The goods have a lubricated appearance. A complete localization of the water 
film to the outside surfaces of the goods does not occur until complete saturation 
of the pore volume with water. The surface water of the moist goods has the 
Same effect as the hydrostatic lubrication of roller bearings. The friction- 
reducing lubricating film is already present when starting up the conveyer. The 
characteristic field of fig. 5 shows an analogy to the Stribeck friction curves 
Ll6j, The characteristic lines for larger moisture contents intersect the line 
of the solid or mixed friction range at a point which shifts in the 

direction of greater speeds as a function of moisture. The curvfc profile 
provides proof that at higher water contents a transitition fron mixed friction 
to flow friction takes place. 

The irepenuancQ of the Coefficient of Hosistanco on the Type of Goods 

The d(>nsity proved suitable for a presentation of the coefficient of 
friction as a function of* goods types for a clear physical description of the goods. 
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*^8clodwna 33,3 kp m 

V.'ojjfftSt.t'o't t4,d 0«w.**/i d WiiMifieheili 38,9 Gcv/.'Vt 

V.V'.icr«chiill 34,6 t»6w .V* « Wontfochpll 3,9 GiiW.-*/» 
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Fifiufo 5, Coefficient of resistance as a function of conveyance speed for fine 
coal <10 nun for various k^ater contents. 


Key 1-convoy ance spoed in m/s 2-coefficient of resistance in kp/kp 3-load! 33,3 kp/m 
a-water content IA.6% (weight) b-ivater content 16.6% c-water content 13.8% 
d-water content 18.9% e-water content 3.9% f-water content 8.9% 
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Figure 6 Coefficient of friction as a function of conveyance speed for various 

types of goods. Key; 1-conveyance speed in m/s 2-coefficiont of 

friction in kp/kpj 3.-belt load 33.3 kp/mj a-sandstone tailings; b-sandy shale 
tailings c-shaly clay tailings; d-flarae coal; e-soft coal; f^anthracite 
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fts convoyed we used flame coal, soft coal and anthracite and the associated 

atrata of sandstone, sandy shale and shaly clay. The char'acteristic linos 
(fig, 6) orieinatc throuch avcraGo-value formation from 4 sequential lines for 
each type. For coal there resulted a very good relative measurement accuracy. 
The repeatedly measured linos coincided or had only slieht deviations. However, 
for the hard rocks dispersions of +10-30^ occurred, 

Difficulties were caused by the density test of the goods since there is 
no density test method generally in use for coal. The known materials' test 
procedures arc generally unsuitable since the coal docs not exhibit a uni.form 
density behavior due to its structure . Therefore the hardness test used in 
the Soviet Union by M M. Protod* jakonow was applied. Figure 7 shows the 

average coefficients of resistance of the goods as a function of the determined 
density properties (dust quantity with granular size < 0.5mm). The measures 
values are compared with the average idle friction values and the calculated 
coefficients of resistance. .The latter are calculated as mixed friction values 
from the idle and goods resistances by using eq. (A)s 


/iCo 


dK /‘'k + f/(l M'iI 


“ dK + f/U 




The coefficient of resistance increases quickly for hard rocks. The average 
coefficient of resistance for sandstone is 152% above the average idle value and 
188% above the calculated coefficient of resistance , The relatively low density 
of coal thus hardly has a measurable effect on resistances in the conveyor. 

The goods crushing doubtless occurring here could not be measured. 

The De|)ondance of the Coefficient of Uesistanco on Tailings Content in the Raw Coal 

The ash content of the raw coal used (see fig, 3) was 36.5% by weight. This 

coal was mixed with 30% shale clay tailings for one test series and with 30% 

Sandstone tailings for another . The coefficients of resistance increased in 

both cases only slightly, as expected. The behavior of raw coal with a higher 

tailings content can only be indicated since even for a mixture of coal and rock 
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ic Is ptiniarlly tho coal which causes the conveyance resistance, hue to the 
laree fraction of finost-ctain coal in the raw ore, moist coal dust becomes very 
thick and is deposited like a lubricating film on the larger grains. This 
fraction of the goods slides easier and less of it gets into the grasp 

I 

regions of the scraper and chain. 


The Cependance of the Coefficient of Resistance on the Conveyor Load 

The previous studies were performed with a load corresponding to a fill 
cross-section nearly equal to the free profile cross-section of the upper end- 
piece. The goods cross-section of the conveyor is significantly greater in 
most cases. If the load becomes so large that the goods must be supported by 


tho sheet-metal plates, then the friction against these plates roust be added in. 
The influence of the load was studied for two load levels (fig. 8). 
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Fig. 7i Coefficient of resistance as a function of goods type expressed according 
to the density properties according to M.M Protod' jakonow [[l"^3* 

Key; 1-raw coal 2-soft coal 3-anthracite A-flame coal 5-sandstone 6-shaiy clay 
7-sandy shale 8-sieve passage in g of grain size < O.Sinra = density of goods 
9-coefficient of resistance in kp/kp a-measured coefficients of resistance 
b-measured idle friction for presence of appropriate goods residue in conveyor 
c-calculated coefficients of resistance 
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Ficurc 8. Coefficient of Ucsistancc as a function of conveyor speed for various 
load levels in the test conveyor. 

Key; 1-conveyor speed in m/s 2-conveyed goods; raw coal 3-cocfficient of resistance 
in kp/kp. a-load level 250mm b-load level 130mm c-load level 0 a'lm. 

The Specific Break-loose Force as a Function of Stop Time c-f the Conveyor 

The start-up of the chain scraper conveyor can be greatly impeded by overloads, 

blocked chain or longer stop times. Start-up of loaded conveyors after longer 

stop times was simulated in the test conveyor. The loaded chain-belt (load 

standing 

level 250 mm) was started up after/a certain time in the initial position. 

The illustration of break-loose lines in one thrust was only possible with 

the tensile force-speed transducer and analog computer since a specific start- 
up state could not bo generated again after initial break-loose. 

Figure 9 shows the characteristic lines . The break-loose force increases 
with the conveyor stop time. The start-up lines drop off sharply with the speed 
which indicates that we are dealing with large start-up force and genuine 
break-loose processes. In conveyor operation the chain would accordingly 
reach normal operating load after one revolution. The results indicate that 
brief stop times only slightly affect start-up. Longer stops however, can lead 
to significant start-up difficulties, For a stop time of 68 h the neodoU start-up 
force exceeds the normal start-up force by 72%. The increase in break-loose force 


15 



0 Normolkortrtlint# nach At>b, I ^ 
U $rtU«tonducit rdrdorori 7 h 
c Slilltlonduoit doi. Fdrd«^dri 30 h 
d StilljicmdUd*! dai ffifdoran 60 K 
4 Slillilondsfoif dat FdrdArori 6$ h 
(NVtttdtrhoiung doi V^rtucht d) 


Figure 9. Start-up characteristic lines for the tost conveyor for moving raw 


coal with a load level of 250 mm and different stop times. 


Key: 1-conveyor speed in m/s 2 -coefficients of resistance in kp/kp a-normal 
line from fig. 8. b-stop time: 2h c-stop time: 20 h d-stop time: 68 h 
e-stop time 68 h' (repeat of test d). 


with increasing stop times is, probably attributable to time-dependant chemical 
reactions between goods and trough and to fine goods baking on to the chain 
guides. In contrast to open troughs, troughs covered with goods exhibit a 
clear rust deposit and traces of backed fine goods after longer exposure time. 
Briquetting processes in the chain guides are also possible. 

Coefficients of Resistance and Characteristic Lines as a Function of Conveyor 
Construction ■ 

After performing the tests with a special conveyor design, the question 
arises of how much the results are applicable to other conveyer constructions. 
For a series of comparison tests we used the single-chain conveyor EKF 2 of 
Halbach & Braun Co., Kuppertal-Barmen. The other equipment of the test system 
like drive and measurement equipment was not changed. 

After longer running-in tests by pulling the loaded chain back and forth, 
the idle line was taken for smooth trough loop, For the run-in single-chain 
conveyor this lay in zone c of the idle characteristic field (see fig. 2), 
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Figure 10. Coefficiont of resistance as a function of conveyor speed for various 
conveyeil 0oods on single and double-chain conveyors. 

Key: 1-convoyor speed in ra/s 2-coofficicnt of resistance in Kp/hp 3-load weight 
33.3 Up/nv for all tests, a-double-chain conveyor with sandstone tailincs 
b-sinnle-chain conveyor with sandstone tailinBS c-single chain conveyor with 
raw coal d-doublo-chain conveyor with raw coal e-single and double-chain 
conveyors at idle. 


Also, the characteristic lines for raw coal (fig. 10) deviate only a little for 

the two conveyors. The deviation lies within the unavoidable error range. 

in the single-chain conveyor 

The coefficients of resistance for sandstone tailings/lie on the average 20.1! 
below the comparable values of the doubWchain conveyor. 

Thcj study results shall be explained with a view toward generaliza- 

tion. With the oxcopcion of. the results for crushed goods of high density, all 
other test results are generally valid for chain scraper conveyors with a similar 
design and comparable construction dimensions. Thus if the conveyance 
jirocoss is subjected primarily to the laws of sliding friction, then the 
construction of the conveyor has no influence on the size of the resistance 
coefficients. The differences in the size of these coefficients for sandstone 
tailings are attributable to the conveyor construction. The goods grinding 
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occurs primarily bccwoon parts of tho revolving tonsion agent and the troughs. 

The grinding effect of ^ho chain can be reduced by noting tho following 
construction reoulromonts s 

1. The open cross-section between conveyor profile and the scraper cross-section 
should be as small as possible . According to tho cross-section drawings of 

the studied conveyor constructions, the open cross-section between the scrapers 
and the trough profile Is smaller In tho single-chain conveyor than In the 
double -chain type. The goods grinding is thus greater In the double-chain /XIO 

conveyor due to tho drawing of goods particles Into the open crevaces than 
In the single-chain type. Where tho optimum of cross-section filling of the 
conveyor profile by the scraper lies, is to be determined by the engineer. To 
maintain the advantage of special flexibility of the trough connections the 
tolerances should not be reduced down to the dimensions of clearance fits, 

2. The conveyor chains she.uld be located outside the force feed. Meeting the 
first condition requires a lengthening of the chain from tho force feed. Kith- 
ouc this however, wo observed in our studios of the double-chain conveyor that 
pieces of goods were stuck on the chain links running under the flat trough flanges. 
These could act like brake wedges if their size is large enough. 

3. The sqrapor should not have any sharply bent edges. All construction 
parts of the tension medium should have no angles promoting grinding. 

Characteristic Resistance Lines of Brace Conveyors 
Theoretical Background 

The study results for low conveyor loads can be applied to daylight 
conveyance operations depending on the particular crushed goods and the conveyor 
profile. However, tho results for the various conveyor loads apply only to the 
tost conveyor with its rectangular fill cross-section. Fill cross-section shape 
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and slzo (iGVlato for brace conveyors from that of the test operation. Larfior 
conveyor loads are supported ay the sheot-motal suldcs and cause additional 
friction forces. The effective wall pressures can bo calculated by usinc the 
Coulo.mb carth-prosBure theory [193. fluids the wall pressure corresponds 
to the inherent load of the liauid column lyinc above • For crushed eoods 
the internal friction reduces the wall pressures . Under consideration of the 
lateral friction forces we have a general expression for the coefficient of 
resistance: 

„ f/K /*K ‘h <lil hi ’I* i-n A ''' '/ /i' [S3 

*0 I ^ ««»•*« 

The measured coefficients of resistance (fig. 8) are compared to the calculated 
coefficients according to cq. 5 as a function of the load level (fig. 'll). 

The measured and calculated function profile agree well. The measured coefficients 
of resistance lie on. the average only 7% above the calculated values. 



a Oomcvjun fvf ¥ * 0|4 
b Dcrochnc) ivt ¥ 0,4 m’t 


Figure 11. Coefficient of Resistance as a function of the load level for 
raw coal conveyance . 

Key: 1-load level in mm 2-coefflcient of resistance in Kp/kp a-raeasured for 
V = O.d m/s b-calculated for v = O.A m/s 


Application of the Coulomb earth- pressure theory presumes flat sliding 
surfaces, plumb support walls and horizontal crushed goods surfaces; conditions 
which can only bo realized in the test conveyor. The generalized Coulomb earth 
pressure theory [193 does permit a calculation of the wall pressures of variable 
inclines of support walls and of the crushed goods surfaces. Taking fig. 12 as 
a basis there results the following general equations for normal forces acting 
on the support walls of a conveyor with variable cross-inclination: 
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Figure 12. Generalization of the Coulomb Theory 

Key! 1-oigen weight of a crushed goods wedge 2-earth pressure force 3-incline 
angle of earth pressure force to the perpendicular A-sliding surface 
angle 5-frictxon angle 6-wall incline angle 7-direction angles' 8-horizon- 
tal components of earth pressure force 9-incline angles of crushed goods 
surface 10-incline angles of the conveyor 
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The function profile of the determined friction and resistance lines has the 
form given in fig* 13 and can be written in general terms by using the equation! 

— Cl) + c—-cf V 

The exponential term of eq. 12 goes to zero for the normal characteristic lines 
(lines for rav/ coal conveyance) even at a speed of about 0.1 m/s. 
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For speeds >0.1 ra/s m can uso oq. 13 for practical cases s 
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General characteristic -line equation for tho upper conveyor end-piece ist 

hi. . 
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For the srcooth operating conveyor we haves 

m 

/iK 0,'iU — 0,0375 V 

The friction equation for coal on smooth-running trough isi 
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Fig. 13' General function Profile of the Friction and i.esistance Coefficients 

•> 

Keys 1-ratc of conveyance v 2-coefficient of friction 3-adhesion friction value 
A-ordlnato passage of the straight section of the curve 


Equations Dependant on Fill Cross-section 

The fill cross-sections of brace conveyors are dependant on the design of 
the conveyor and location of use — under the presumption of a sufficient conveyor 
flow. The theoretically possible goods cross-sections arc shown by fig. 14. 

The fill cross-section shapes of fig. 14a and 14b pertain .to chain scraper con- 
veyors which are used as intermediate conveyors or in tunnel driving. The fill 
cross-section shapes occurring in operation differ only slightly from the 
theoretical shapes. With brace conveyors the situation is different. The 
actual fill cross-section shapes and sizes (fig. IS) differ significantly from 
the theoretical cross-sections. (fig. 14c). Extensive fill cross-section meas- 
urements on brace conveyors [,Z2^ led to the recognition that the effective cross- 

section shape and size are dependant on the granular structure, the seam thick* 
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np,. Tbooretical Fill Cross-s«cClon Shapcfe for Chfiln Scraper Conveyor.', 
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Fig 16; Gouging Lane filled with Conveyed Goods 
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ness I th« design of the mlninB machine « the width of tho minln{; lane and the 
conveyor lateral slopo. If the conveyor load exceeds the natural goods cross-section 
then the goods unload in the lane between conveyor and face (fig. 16). Thus 
a support wall conslstinR of crushed goods forms which acts like a sheet- 
metal attachment. In the studied couging operations the break surface formed 
betv/een the dropped goods and the moving conveyor flow somewhat perpendicularly 
above the inside edge of the upper trough guide. On the backfilling side 
the goods flow moves up to the sheet-metal attachment. 

The measured fill cross-sections lie on the average 15 to 115% and peaks 
of AO to 250% above the theoretical goods cross-sections. The largest measured 
fill cross-section in a gouging brace conveyor was 2900 cm at a conveyor width 
of 620 mm (fig. 17) The limit lines of tho goods surface could be determined 
on the studied brace conveyors as curves with more or less steep falling flanks. 
Equations 10 and 11 to calculate the pressure facto'tCSi presume flat limit surfaces 
on the crushed goods. In most. cases the goods slopo out from the middle of 
the conveyor at about 30*^ to the face and at about 15® to the sheet-metal 
attachment. We were able to determine that for cross-sloped conveyors the 
sloping angles decrease in the direction of slope. The decrease in 

angle of friction can be calculated according to G. Pajer and F. Kurth l 21J as 
a function of the slope of the support. In tho calculations of characteristic 
line fields for the sake of simplicity we subtracted an angle of 5® from 

the normal sloping angles. 

Both for practiaal application of tho characteristic lines and for 
scientific comparisons it is advantageous to prepare c„i v-curvos for 

the constant fill cross-section. Thus tho load levels must be determined first 
for a calculation of the wall friction. With tho dimensions of the conveyor 
(fig. 18) and under consideration of the slope there result the levels for the 
selected fill cross-sections at the face side of the conveyor as: 
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Flfi. 17 Moasurod Fill Cros$-«ection In a Coujslns brace Conveyor 
(See fls 12 for explanation of symbols) 



Fig. 18 Approximated fill Cross-section Shapes for Cross-sloped Conveyors 

2F ~2b, h '— {tt ± v) tan (t’l V »•) 




and on the backfilling side of the conveyor we haver 

h b 

hi “ hjs + Y tan (ti ± v) — y ton (t j ▼ v) . . 


LlO 

C 18 J 


Substitute into the equations fors 

Conveyor sloped to the backfilling (suspended) 

(«i - >*)i («3 + y) 

Conveyor sloped to the face (declining) 

(«i -h v)} (<4 - v) 

As specific characteristic line equation for raw coal conveyance we have the 
following equation for conveyor speed >0.1 m/s with reference to eq. 14, 15, 16: 
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(0.28 - 0,0375 v) + (qo + ^ , y ) (0,30 - 0,00625 v) -i* ^ */ .«t 

c « — — ' — 

The break-loose points were also calculated by this equation with the 
adhesion friction values ha 0,3j/:,i « 0,43s ;ij » 0,86 The internal friction of 
the crushed goods which must be surmounted at the break surface of the face 


was substituted as a constant » 0.86 {^20j into the calculations, 






Fie Characteristic Lines of 'the Upper End-piece of a Uracc Conveyor of 620 (rjn 

width at the illustratod Cross-slope# fill cross-section and fill c:*oss-soctlon 

size. Keys 1-coefflclent of rosistanco in kp/Up 2-convcyor speed m/s 

2 

3-rolatlve load of the chain ^-fili cross-soction 2500 cn> b-fill cross- 
3 1 

section 2000 cm c-fill cross section 1500 cm d-fill cross-section 1000 Cfn“ 

2 

e-fill cross-soction <!f00 cm f-idlo g-characteristlc line of the 
load attack point 


Resistance Characteristic line Fields and Characteristic Linos of the Load 
i^ttack Point 

The calculated line fields arc shown in fig* 19. For a brace conveyor with 
a design width of 620 mm and a cross-slope of 0° the coefficient of resistance 

•y 

will IncreaGc at a speed of 0.8 m/s from the base load - 600 cm ) from 
0.33 (1002) to 0.66 (1602) at a fill cross-section of - 2flw cm^; it increases 
to 0.52 (158%) at F^j = 2500 cm . The last cro.ss-soction is not excessively l.'»rge. 
For the same conveyed quantity wo were able to measure a fill cros.S-scction of 
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Fig 20: Ccnfficient of Resistance as a Function of the Cross-slopeof Brace 
Conveyors of 620 mm width for different fill cross-sections 


Key: l-cxoss-slope 2-coefficient of resistance in kp/kp 3-to the face 


A -to the backfilling 
2 


2000 cm' 
e-fill cross section 400 cm 


a-fill cross-section 2500 cm' 
2 


c-fill cross-section 150Q cm' 
2 


b-fill cross section 
2 


d-fill cross-section 1000 cm 



Q (-dfdcrfirbrollo 520 mm 
b r^rdor^rbrolU 520 mm 


c 720 mm 

d Fdrdtr^rbreiU 020 mm 


Fig 21 Coefficient of Resistance as a function of the fill cross-section of 

Brace conveyors for different conveyance Widths 
’ 2 

Key: 1 fill cross-section in cm 2 -coefficient of resistance in kp/kp 
a-conveyor width 520mm b-conveyor width 620 mm c-conveyor width 720 mm 
d-conveyor width 820 mm 


2 . 


F = 2900 cm in a gouging brace conveyor (fig 17). Conveyor cross-slopes 
inclined to the face — l.e. descending face advance — cause a notable increase 


in coefficients of resistance due to the large friction surface at the goods. 





Fif,ur£) 20 shows the cocfflcionts of tosistaDOe as a function of the conveyor 

cross -slope foe various fill cross-sections. 

The illustrated results are .of slghlf Icance for projections of brace 

conveyors for high-performance operations. A 620 mm wide brace conveyor Is 

2 

able to master flows of cross-section up to 3000 cm due to the predominate 
drag mode of operation. According to fig. 21 a coefficient of resistance of 0.57 
occurs. For the same size cross-section the resistance is reduced to 0.A3 for 
an 820 mm wide conveyor. Selection of the larger conveyor would be connected 
with a reduction in chain forces and drive power by 25X In this case. 

Due to the numerous fill cross-section shapes’, the cross-slope of the con- 
veyor and the wall friction resistances at the sheel -metal attachments and at 
the standing crushed goods in the mining lane, we expect an unequal load distri- 
bution in the brace -conveyor. The asymmetric position of the load attack 
point results in double-chain conveyors of different chain loads. The character- 
istic lines of the load attack p,oint plotted against the conveyor width (fig 19) 
provide information about the percentage load on the chain. In extraction oper- 
ations with falling or suspended face advance the load distribution should receive 

special attention. For suspended face advance <15° there results a load pick- 

2 

up of 654 of the total chain load for F^ = 2000cm for the chain on the backfilling 
side. 

Characteristic Conveyor Lines 

The proven measurement method for pointing up the cha'. .cteristic conveyor 
lines was expanded with the objective of future operating measurements 

which are needed in particular for the measurement of lower end-piece resistance. 
From the viewpoint of drive, the characteristic conveyor line is superior to 
the resistance line. The characteristic conveyor line represents the actual 
load line of the working conveyor. In the form of the function Cp - f(v) the 
specific force Cp contains the force demand to meet the chain drive losses, in 
addition to the end-piece resistances. 
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Fig. 22: Drive of 
Shear Head. 


Che Tost Conveyor with Torque-Speed Pick-off at the Transmission 
Chain force pick-off behind the chain wheel. 


As tost conveyor we used a single-chain conveyor with head drive (fig. 22). 

A special torque-speed pick-off permitted recording of the specific drive force 
as a function of the conveyor rate in connection with the analog computer. 

A chaiii force pick-off served to measure the chain prestress parameter. The 
measured values were transmitted wireless. The torque pick-off was located in 
the shear head of the transmission. Instead of the shear bolt, a pressure pin 
with strain quage was located tangentially in the force flux between the outside 
and inside shear face. The effective circumferential force, multiplied by half 
the travel diameter of the measurement bolt^ gives the torque. The advantage of 
this torque measurement unit consists in the fact chat it takes up very little 
space and that It can be calibrated quite iiccurately with little difficulty. 

The test'' were limited to the conveyor idle speed. They served pj,'imarily to 
check the developed transducers and to point up problems with the chain scraper 
conveyors which would need additional research work, The characteristic conveyor 
lines were taken with optimum chain prestress and with larger prestresses (fig. 23). 

Large chain prestresses have an extremely disadvantageous effect on the line 
profile and on the size of the specific power consumption. The conveyor 
lines rise (in contrast to the resistance lines) with the speed and this effept 
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Fieuro 23. Characteristic Conveyor Lines for various Chain Presttesses at Conveyor 


Idle. 

Key: 1-conveyor speed in m/s 2-specific power in kp/kp a-idle line (resistance 
line b-conveyor line at optimum chain prestress = 100% c-conveyor 
line at optimum chain prestress P * 200% d-conveyor line at optimum 
chain prestress P = 350% 


is more pronounced the greater the chain prestress. The difference in specific 

forces is represented by the chain gear losses of the drive' and reversal. 

% 

A generalization of the obtained measured results is not permissible since on 
the one hand the chain loads at idle are too small and since the chain drive 
losses appear to depend very much on the design of the chain wheels , Thus 
special chain drive studies shall be performed with the objective of creating 
the background for the design of chain wheels which will ensure a minimum of 
power losses from chain and chain wheel wear. The results of another 

test series also indicate the need for chain drive studies. For a complete 
revolution of the chain force pick-off the chain force and torque were 
measured and plotted as a function of time (fig. 2A). As the upper measurement 
strip of fig. 2A shows, the chain was provided with optimum prestress since the 
prescress force goes to zero after start-up. The larger ascent of the first 
section of the curve is attributable to greater coefficients of friction in the 
lower end-piece. The reversal station caused the jump about in the middle of 
the tensile force curve. The jump level is a measure for the losses in the 
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Fis* 24: Qualitative Chain Force and Torque Profile. Copies of original 
Plots, Key: 1-Chain force 2-prestress force 3-chain force 
picU“off 4-chain wheel initial torque 5-path of chain force pick- 
off 


reversal. In the last section of chain circulation the torque increases quickly. 
The larger torque value is due to increased chain drive losses since an increase 
in chain forces plotted synchronously with the torque did not occur. In 

the region of large torque the chain links has an approximately 2% greater 

spacing. 


Summary 

In view of the numerous operating conditions to which the portable 
chain scraper conveyor is exposed' in pit operations, reliable calculation prin- 
ciples can only be created through research on individual resistances and losses. 

In a special test stand the basic behavior of mining crushed goods in 
chain scraper conveyors was explained. The characteristic resistance lines of 
the upper end-piece were determined for conveyor idle and as a function of the 
determinative crushed goods characteristics, on the size of the conveyor load, on 
the conveyor construction and on the stopped time of the conveyor . Crushed 
goods with a narrow granular profile and sphere-like grains caused about 35% 


creator resistances than fine coal and raw coal with broad pranular profile 
due to the severe relative motions of the goods on the conveyor. For water- 
contalninp, poods >10% by weicht the solids friction retreated in favor of 

flow friction. The coefficients of resistance decreased considerably in the 
range of lover speeds and then Increased with increasing conveyor speed. 

The cfinding r^istance in the conveyor increases with thu density of the gooas. 
The conveyance of sandstone ore required about 280% greater specific drive 
energy than the ci^veyance of raw coal. Resistance coefficients for coal and 
raw coal showed no dependance on the design of the conveyor. 

Start-up of loaded conveyors after longer stop times -was simulated. The 
specific break-loose force increases for crude coal after a stop time of 68 h 
by 72% over the break loose force of normal operation with short-term stoppages. 

The coefficients of resistance increase with the conveyor load* This behavior 
could bo explained by the laws of soil mechanics. Equations permit calculation 
of fields for characteristic liqjes of resistance as a function of the fill 
cross-section size and shape* of the conveyor size and of conveyor employment 

conditions. Characteristic lines of the load attack point provide information 
on the distribution of chain forces in the conveyor end-piece. By means of a 
developed torquo-spcod pick-off which is housed in the shear head of conveyor 
transmissions, we wore able to obtain plots of characteristic conveyor lines 
whosu profiles show a strong dependance on the chain prestress. Between the 

chain drive losses and the condition of the conveyor chain and chain wheels 

1 

we were able to find a sensitive relationship. 

Appendix 

Symbols Used , 

Kumcrical Value Quantity Unit 

a Conveyor angle of slope 

cr Specific drive force 

coctficient of resistance of the upper end-peice kp/Up 

Coefficient of resistance of the lower end-piece 

kp< kp 


Numorical value 


Quantity 


Unit 


»>A 

1 

H 

h, hi# ha 

Hi 

I 

/* 

/*' 

n 


FK 

N»u 

V 

<fo 


‘/K 


J> 

'h 

hi 

l>l 

. d 


Fill cross-scction 

Efficiency of the drive 

Efficiency of the chain drive 

Crushed poods weipht 

Lift heipht 

Support Wall heipht 

Factor of supplemental resistance 

Wall friction resistances 

Axis distance 

Pressure factors 

Coefficient of Friction 

Aver ape coefficient of friction 

Adhesion value 

Friction value of the conveyed poods on conveyor 
Friction coefficient of internal friction of 
conveyed goods 
Idle friction value 

Averagefriction value of conveyed goods 
Average idle friction value 
Engine power at main drive 
Engine power at auxiliary drive 
Factor for conveyor curves 
Meter-weight -force of conveyed goods 

Neter-welght-force of conveyor chain 

Conveyor spee'd 

Width of conveyor 

Length of measurement range 

Length of load range 

Distance between the two conveyor chains 
Ascent of straight section of curve in fig. 13 




kp/m* 


B 


m 

kW 


kp/ta 


kp/a 

m/i 

mm 

m 

m 

mm 


/U6 
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